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0 Brushless motors. 

0 In a brushless motor of the kind not including a 
sensor for detecting the rotor position, a rotational 
reference position of the rotor is detected based on 
the voltage Induced In the stator excitation coil 
(La.Lb), and an energisation switching point of the 
stator excitation coil (La,Lb) is determined so as to 
occur a delayed time from the reference position. 
The time delay set by a delay circuit (5) is increased 
or decreased in response to the rotational speed of 
the motor, so that energisation switching of the ex- 
citation coil (La.UD) Is performed by a switching 
circuit (1) at the optimum position in accordance with 
corresponding changes in the rotatiaial speed of the 
J5"^otor. Signal masking is performed by a masking 
circuit (8) so that noise generated by the excitation 
j^coil switching does not interfere with the detection of 


I the rotor reference position. 
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BRUSHLESS MOTORS 


This invention relates to brushless motors and. 
in particular, to brushless motors in which rotor 
position sensors are not required. 

A known brushless motor typically detects the 
angular position of the rotor by using a position 
sensor, such as a Hall-effect element. Upon deter- 
mining the rotational position of the rotor, a switch- 
ing pufse is produced that switches the phases of 
the stator coil energisation based upon the de- 
tected signal. Use of Hail-effect elements, however, 
increases the cost of the motor and also increases 
the complexity of the wiring and the number of 
steps required for assembling the motor. 

This applicant has previously proposed a 
brushless motor that does not require a position 
sensor, such as the loiown Hall-effect element, and 
this proposed brushless and sensoriess motor is 
described in Japanese Patent Application No. 61- 
125413. In this proposed brushless motor, the volt- 
age induced in the stator coil by the rotor magnet 
is detected and utilised to form pulses that indicate 
specific angular positions of the rotor, and this 
pulsed signal is delayed by a fixed value to form 
the energisation timing pulses at the respective 
switching positions. 

In order to produce these stator coll ener- 
gisation timing pulses in the previously proposed 
sensoriess brushless motor, a fixed time delay 
device is provided, such as a monostable mul- 
tivibrator. This proposed system has the drawback 
that it is not applicable to motors in which the 
speed is controlled over a relatively wide range. 
For example, the brushless motor utilised in a 
constant linear velocity (CLV) type of video disc 
player cannot easily be implemented with the pre- 
viously proposed system, in the proposed sensor- 
less brushless motor, in order to start the motor, 
special energisation pulses are generated at fixed 
intervals and with fixed durations regardless of the 
initial angular position of the rotor. Therefore, the 
energisation angle of the stator coils is not synch- 
ronised with the rotational angle of the rotor result- 
ing in poor starting characteristics. 

Furthermore, because detection of the angular 
position of the rotor is based on the induced vol- 
tages in a stator excitation coil, substantial noise, in 
the form of spikes, is generated at each ener- 
gisation switching point in the coil. The noise 
spikes, as well as other fonms of noise in the 
detection system, are then mixed in the detection 
signal used to determine the rotor angular position. 
Therefore, because of this noise, the rotor ener- 
gisation switching angles, the duration of the ener- 
gisation pulses, as well as the polarities of the 


energisation pulses, cannot be determined in a 
stable fashion. 

According to one aspect of the present inven- 
tion there is provided a sensoriess brushless motor 
5 comprising: 

a rotor having a magnet; 
an excitation coil; 

a switching circuit for performing energisation 
switching of said excitation coil; 

10 a reference position detector for detecting a refer- 
ence position of rotor rotation based on a voltage 
Induced in said excitation coil by said magnet; 
a delay circuit for producing a delay dock signal 
having clocic pulses delayed by a predetermined 

75 amount from the reference position detected by 
said reference position detector; 
a delay pulse signal forming circuit for forming a 
delay pulse signal based on the delay clock signal 
from said relay circuit; 

20 a switching signal generator for generating an ener- 
gisation switching signal based on the delay pulse 
signal and supplying the switching signal to said 
switching circuit; and 

a control circuit for detecting a rotational speed of 
25 said rotor for controlling the amount of delay In 
said delay circuit, and adjusting the energisation 
switching position to said excitation coil in accor- 
dance with the rotational speed of said rotor. 

According to another aspect of the present 
30 invention there is provided a sensoriess brushless 
motor comprising: 
a rotor; 

an excitation coil; 

a switching circuit for performing energisation 

35 switching of the excitation coil: 

a reference position detector for detecting a refer- 
ence position of rotor rotation based on a voltage 
induced in said excitation coil by said rotor; 
a delay circuit for producing a delay clock signal 

40 having pulses delayed by a predetermined amount 
from the reference position detected by said refer- 
ence position detector; 

a delay pulse signal forming circuit for producing a 
delay pulse signal based on the delay clock signal 

45 from said delay circuit; 

a switching signal generator for generating an ener- 
gisation switching signal fed to said switching cir- 
cuit in response to the delay pulse signal; and 
a masking circuit for forming a noise masking sig- 

50 nal based on at least tiie delay clock signal for 
suppressing noise pulses in a detection output of 
said reference position detector at the reference 
position. 

A preferred embodiment of this invention, to be 
described in greater detail hereinafter, provides a 
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sensorless brushless motor that can automatically 
control and determine the coil energisation switch- 
ing positions at specific electrical angles regardless 
of the rotational speed, even though the angular 
position of the rotor is determined based upon an s 
induced voltage in the energisation coil. 

In the preferred embodiment, upon starting of 
the motor, energisation switching pulses can be 
produced which are equivalent to those of a brush- 
less motor including separate rotor position sen- io 
sors, and which can improve the rise time, that is, 
the speed versus time starting characteristics of 
the motor by controlling the optimum energisation 
angle. 

The preferred brushless motor can perform en- 15 
erglsation duration control to obtain efficient motor 
drive, even though the rotational speed of the mo- 
tor is continuously changed over a relative wide 
range, such as might be required of the spindle 
motor of a CLV disc player. 20 

According to the preferred embodiment, the 
brushless motor can remove noise spikes from the 
detected induced voltage in the excitation coil, can 
distinguish the correct reference angular position 
from this induced voltage, and can prevent erro- 25 
neous operation of the energisation switching, so 
that stable operation of the motor Is obtained. 

In accordance with the preferred embodiment 
of the present invention, a reference position detec- 
tor is provided In the sensorless brushless motor 30 
for detecting a reference position of rotor rotation 
based upon a voltage Induced in a stator excitation 
coil. A delay circuit produces a delay clock signal, 
pulses of which are delayed by a predetermined 
smnount from the reference position as detected by 35 
the reference position detector. A delayed pulse 
signal is then produced based upon the delay 
clock signal from the delay circuit and a switching 
signal generator generates an energisation switch- 
ing signal based upon the delay signal that is then 4o 
fed to a switching circuit that controls the ener- 
gisation of the stator coll. A control circuit detects 
the rotational speed of the rotor and controls the 
delay amount in the delay circuit, thereby adjusting 
the energisation switching position of the stator 45 
coils in accordance with the rotational speed of the 
motor. A masking circuit is also provided that forms 
a masking signal based on the delay clock signal 
pulses. This masking signal suppresses the noise 
spikes in the stator coils that would otherwise pro- so 
duce a false detection of the reference position. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, throughout which like parts are ref rred to by 
like references, and in which: 55 

Rgure 1 is a block diagram of a drive circuit 
for a sensorless brushless motor according to an 
embodiment of the present invention;. 


Rgure 2 is a circuit diagram showing a 
switching circuit in the drive circuit of Rgure 1 in 
more detail; 

Rgures 3A and 3B are plan views of a rotor 
and a stator, respectively, of the sensorless brush- 
less motor of Rgure 1 ; 

Rgures 4A to 4E represent waveforms of 
signals present in the motor of Rgure 1 during 
operation thereof; 

Rgure 5 is a schematic diagram showing 
elements of the drive circuit of Rgure 1 In more 
detail; and 

Figure 6 is a waveform chart showing the 
waveforms of signals present in the circuit of Rg- 
ure 5 during operation thereof. 

Rgure 1 shows a drive circuit for a sensorless 
brushless motor, which In this embodiment is as- 
sumed to be of the two-phase bidirectional ener- 
gisation type. Such a motor includes a rotor 21 as 
shown in Rgure 3A, which comprises magnets 
arranged to form eight poles. Similarly. Rgure 3B 
is a plan view of a stator for such a motor having 
two-phase coils Lai. La2 and Lbl, Lb2 having an 
electrical angle of 90* and a mechanical angle of 
67.5* formed on a stator base 22. The stator coils 
consist of two pairs of series coils Lai and La2, 
and Lbl and Lb2, respectively, which are anranged 
at electrically In-phase positions, that is, arranged 
at an integer multiple of an electrical angle of 
360*. The winding pitch of each coil is an elec- 
trical angle of 180 ' or a mechanical angle of 45* . 

The two-phase coils La and Lb are reciprocally 
connected to an energisation circuit by a switching 
circuit 1, as shown in Rgure 1. Such reciprocal 
connection or switching Is also known as bidirec- 
tional switching. 

Rgure 2 shows the switching circuit 1 of Rgure 
1 in more detail, in which transistors 11, 12, 13 and 
14 are bridge-connected to the coil La, and transis- 
tors 15, 16, 17 and 18 are bridge-connected to the 
coil Lb. The transistors 11 to 18 are then turned on 
every electrical angle of 90* by drive pulses PI to 
P8 which are applied to the base circuits of. the 
transistors 11 to 18, respectively. Accordingly, the 
ends of each load or coil, La and Lb, are selec- 
tively connected between the positive terminal ( + ) 
of a power supply and its earth or ground terminal, 
thereby providing a driving force for the motor. 

As is well known, during rotation of the motor, 
sinusoidal induced voltages Ea and Eb having a 
mutual phase difference of 90* are generated 
across the coils La and Lb by the rotor magnets. 
These induced sinusoidal voltages are shown in 
Rgure 4A, with the voltage Ea shown by a solid 
line and the voltage Eb shown by a broken line, 
with a 90* phase difference therebetween. The 
induced voltages Ea and Eb are then wave shaped 
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at the zero crossing points, that is, at the AC 
neutral potentials, by comparators 19 and 20, re- 
spectively, each having Inputs connected to the 
two ends of the respective coils La and Lb. Thus, 
pulse signals S1 and S2 (Figure 4B) having a 
mutuaL phase difference of 90* corresponding to 
the induced voltages Ea and Eb are obtained as 
the outputs from the comparators 19 and 20. These 
pulse signals SI and S2 are therefore synchronis- 
ed and phase-locked with the induced voltages Ea 
and Eb, and their high and low levels correspond to 
the respective AC polarities of the induced vol- 
tages, as shown in Rgure 4B. Thus, the pulse 
signals SI and S2 indicate a reference angular 
position of the rotor relative to the stator coils La 
and Lb. 

The pulse signals Si and 82 are then fed to a 
delay circuit 5 that forms a delay clock signal DCK. 
th leading edges of which are delayed by a time 
T from the leading and trailing edges of the pulse 
signals Si and S2, as shown in Rgure 4C. The 
manner in which the clock signal DCK is produced 
will be explained in detail below. Thus, the trailing 
edges of the clock signal DCK are synchronised 
with the pulse signals 81 and 82 and the time T 
corresponds to an electrical angle of 45*. There- 
fore, an energisation angle having a 90* width with 
a leading edge corresponding to a 45* position 
from the magnetic pole boundary corresponding to 
the reference position of the rotor magnet 21 can 
be obtained without an angular position sensor, 
which would otherwise be required. As will be 
described hereinbelow, the time T can be variably 
controlled by a microprocessor 7 so that it is 
always kept at an electrical angle of 45*. even if 
the rotational speed of the motor is varied. 

The pulse signals 81 and 82 from the switch- 
ing circuit 1 in Rgure 1 are also fed to a masking 
circuit 8. which can optionally share common ele- 
ments with the delay circuit 5. The masking circuit 
8 transforms the pulse signals 81 and 82 into 
signals S11 and 812. respectively, which are then 
fed to the D inputs of respective D-type flip-flops 3 
and 4. The operation of the masking circuit 8 will 
be explained hereinbelow, and at this time it is to 
be noted that the masking circuit 8 removes the 
noise pulses included in the pulse signals 81 and 
82 at al! portions other than the zero crossing 
sections of the induced voltage signals Ea and Eb. 
Because the noise pulses are based upon the 
energisation switching of the stator coils, the noise 
pulses are generated at specific positions and, 
thus, the masking position and the widths of the 
masking puis s can be controlled by tlie control 
data according to the motor speed from the micro- 
processor 7. The flip-flops 3 and 4 receive the 
delayed clock signal DCK at the respective clock 
inputs thereof and, thus, the flip-flops 3 and 4 


produce pulse signals Ha and Hb. delayed by 45* 
relative to the pulse signals 81 and 82. as shown 
in Figure 4D. These pulse signals Ha and Hb are 
fed to a drive pulse generator logic circuit 2 that 

5 forms the bidirectional energisation pulses PI to P8 
at every 90* electrical angle, as shown In Rgure 
4E. It is these pulses Pi to P8 that are utilised to 
tum on and off the transistors 11 to 18 of Figure 2 
and thereby control the rotation of the motor. The 

70 drive pulse generator logic circuit 2 produces the 
bidirectional energisation pulses P1 to PS by 
straightforward logic processing or encoding so 
that the polarities of the magnetic poles of the rotor 
correspond to the energisation polarities during the 

75 90* wide intervals (45*- 135* and 225* -316*) of 
the magnetic poles opposite the coils La and Lb. In 
this f^hion, rotational torque in one direction is 
generated. 

Of course, when the rotor 21 is not rotating and 

20 is stopped relative to the stator 22, no voltages will 
be induced in the stator coils La and Lb. Accord- 
ingly, when it is desired to start the motor, a start 
pulse signal is generated by a start pulse generator 
6 for a period of time. The start pulse generator 6 

26 is controlled by the microprocessor 7 to which the 
motor start switch (not shown) is connected. The 
start pulse generator 6 supplies start pulse signals 
to the set (8) and reset (R) terminals of the flip- 
flops 3 and 4. thereby forming two-phase pulse 

30 signals similar to the pulse signals Ha and Hb 
shown in Figure 4D. Accordingly, when the motor 
is started, the coils La and Lb are separately ex- 
cited by the start pulse signals from the start pulse 
generator 6, and the rotor 21 is caused to rotate in 

35 a predetermined rotational direction depending 
upon the phase relationship between the start pulse 
signals produced by the start pulse generator 6 as 
determined by the microprocessor 7. 

The delay circuit 5 of Rgure 1 is shown in 

40 more detail in Rgure 5. as is the masking circuit 8. 
Rgure 6 represents waveforms appearing through- 
out the circuit of Figure 5 during operation thereof. 
More specifically, the induced voltages Ea and Eb 
induced respectively in the coils La and Ub are 

46 applied to the comparators 19 and 20. respectively, 
and are so-called zero-cross shaped therein. The 
comparators 19 and 20 form the pulse signals 81 
and 82 also shown in Rgure 6. and in accordance 
with typical comparator operation, the comparators 

50 19 and 20 in addition to detecting the induced 
voltages Ea and Eb will also detect the noise 
spikes caused by the stator coil switching. Such 
noise spikes are shown at N in the voltage 
waveforms Ea and Eb in Rgure 6, and because 

55 they are generated at the current switching posi- 
tions, noise will be found at the con-esponding 
points 45*. 135*, 225* and 315*, of th induced 
voltage signals Ea and Eb. The noise spikes N will 
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be detected by the comparators 19 and 20 and will 
result in noise pulses Pn being present in the pulse 
signals S1 and S2. It is these noise pulses Pn that 
are removed by the masking circuit 8. 

Referring to Figure 5, the output (SI) from the 
comparator 19 is fed to a leading edge detector 
B11 and a trailing edge detector B12, and the 
output (S2) of the comparator 20 is fed to a leading 
edge detector B21 and a trailing edge detector 
822. Thus, the pulse signal SI is developed into 
edge pulses S3 and 84 as shown in Figure 6. and 
the pulse signal 82 is developed into edge pulses 
S5 and 86, also as shown In Figure 6. These edge 
pulses S3, S4. S5 and SB are fed to respective 
masking AND gates G11, G12, G21 and G22. As 
will be explained hereinbelow. these masking AND 
gates G11, G12. Q21 and G22 serve to remove the 
noise pulses Pn, with the resultant signals being 
shown in Figure 6 as edge pulses S7. SB, 89 and 
810. respectively. The edge pulses 87 and 88 are 
fed to an RS flip-flop formed by NOR gates G13 
and G14, and the edge pulses 89 and 810 are fed 
to a second R8 flip-flop formed by NOR gates Q23 
and G24, These two sets of NOR gates then pro- 
duce the pulse signals 811 and 812, as shown in 
Rgure 6. As may be seen, because of the masking 
effect, the pulse signals 811 and 812 have the 
noise pulses Pn removed therefrom at points other 
than the zero-crossing points of the pulse signals 
81 and 82. 

As shown in Figure 1, the pulse signals 811 
and 812 are fed to the clock inputs of the D-type 
flip-flops 3 and 4, which act to form delayed pulses 
813 and 814 that correspond to the signals Ha and 
Hb in Figure 6, respectively. 

The outputs (87, S8, 89 and 810) from the 
masking AND gates Gil. G12. G21 and G22 are 
also connected to a multiple input OR gate G31. so 
that a pulse signal indicating two edges of the two- 
phase signal is formed, that is, the pulses indicate 
the leading and trailing edges of each of the two 
signals, as shown by the signal 816 in Figure 6. 
The signal 816 is supplied as a load pulse to a 
terminal LD of a delay counter 26. which forms the 
delay circuit 5 shown in Rgure 1 . The load input of 
the counter 26 then causes control data DO to Dn 
corresponding to the rotational speed of the motor 
to be input to the counter 26 from a data bus 28 of 
the microprocessor 7 through a latch circuit 27, 
Thereafter, the counter 26 counts the delay clock 
signals having a predetermined frequency fed In 
from an external clock circuit (not shown) through 
an OR gate G33 in response to the load pulse 818 
based on the load data. Accordingly, the delay 
counter 26 will generate an nth-bit (most significant 
bit) output with the leading edge occurring after a 
time T, as shown in a waveform 817 of Figure 6. 
The frequency of the delay clock signal is based 


on the resolution (resolving power or resolving effi- 
ciency) of the counter 26. 

The locations of the load pulses in the 
waveform SI 6 correspond to electrical angles of 

5 O' , 90* , 180" and 270* , and the time T is con- 
trolled, that is, lengthened or shortened, in accor- 
dance with the load data, as fed in from the micro- 
processor 7. Thus, the time T is controlled to 
correspond to each 45* width between the elec- 

10 trical angles 0* and 45' , between 90* and 135* . 
between 180' and 225*, and between 270* and 
315*, regardless of change in rotational speed of 
the motor. In other words, at low speed the time T 
is lengthened and at high speed the time T is 

75 shortened. 

The delay counter 26 then counts the clock 
signals fed in through the OR gate G33 and. upon 
reaching the most significant bit Qn, the output of 
the counter 26 goes high. This output of the coun- 

20 ter 26 is connected to another input of the OR gate 
G33. thereby blocking the clock input to the coun- 
ter 26. Therefore, the most significant bit output Qn 
of the counter 26, shown by the waveform 817 in 
Figure 6. remains at a high level until the next load 

25 pulse 816 is fed to the counter 26 to reset the 
counter and, thus, the most significant bit level 
output Qn falls to a low level. The counter output 

817 is also fed to the clock inputs of the flip-flops 3 
and 4 as the delayed clock signal DCK in the 

30 circuit of Figure 1 , which signal waveforms are also 
shown in Figure 4C. thereby forming the delayed 
pulse signals Ha and Hb, which correspond respec- 
tively to the signals 813 and 814 In Figure 6. 

The most significant bit output from the delay 

35 counter 26 is also fed to a third leading edge 
detector 25. so that a pulse representing the lead- 
ing edge indicated by an edge pulse signal 
waveform 818 in Figure 6 is fomned. The edge 
pulse signal 818 represents the positions at elec- 

40 trical angles of 45*. 135*. 225* and 315' of 
respective phases of the two-phase signal. This 
signal is also fed to an OR gate G32 that forms an 
OR output signal 819 from the edge pulse signal 

818 and the output pulse signal 816, which cor- 
45 responds to 0* and 180' electrical angle, of the 

multiple input OR gate G31. Because the output 
pulse signal 819 is derived from the counter output 
signal SI 7. the interval between pulses of the out- 
put pulse signal 819 is lengthened or shortened in 

50 accordance with the delay time T; however, the 
electrical phase angle remains constant at 0* , 45* . 
135*. 180*, 225* and 315*. 

This OR gate output pulse signal 819 is fed as 
the load pulse to an input LD of a masking counter 

55 29. which comprises the masking circuit 8 of Fig- 
ure 1, The masking counter 29 fetches control data 
corresponding to the rotational speed of the motor 
from the data bus 28 of the microprocessor 7 
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through a iatch circuit 30, in an operation similar to 
that of the delay counter 26. The masl<ing counter 
29 counts masking clock pulses provided by an 
external clock circuit (not shown) at a predeter- 
mined frequency by receiving a clock signal 
through an OR gate G34 at a clock input CK. The 
frequency of the masking clock is determined by 
the resolution or resolving power, or the resolving 
efficiency, of the masking counter 29. Thus, the 
masking counter 29 generates from the most sig- 
nificant bit (MSB) position Qn a masking pulse 
signal that falls at angular positions of 0*, 180*. 
45*. 135* and 315* , as indicated by the pulse 
signal SI 5 in Figure 6. in which the masking pulse 
rises after lapse of a predetermined time period t. 
termed the masking width. Because the masking 
clock input to the masking counter 29 is connected 
through the OR gate G34 that has as another input 
signal the MSB signal S15 from the masking coun- 
ter 29 when the MSB signal goes to a high level, 
the masking clock Is disabled by the OR gate G34 
and the counting operation is interrupted until the 
next load pulse provided by the output signal Si 9 
is fed to the masking counter 29. 

As described above, the masking width t is 
varied in accordance with the rotational speed of 
the motor as determined by the microprocessor 7; 
however, in an alternative embodiment, the mask- 
ing width t may assume a fixed value regardless of 
the rotational speed of the motor. 

The masking pulse Si 5 is also fed to the 
masking AND gates Gil. G12, G21 and G22 so 
that the AND gates are closed during the tow-level 
period t of the masking pulse signal SI 5. This has 
the effect that predetermined periods immediately 
following the zero-crossing detection at 0* and 
180*. and at predetermined periods immediately 
after the current switching timings at 45*, 135*. 
225* and 315*. are masked, as indicated by the 
induced voltage waveforms Ea and Eb in Rgure 6. 

Thus, even if low level noise pulses are super- 
imposed on the induced stator voltages Ea and Eb 
near the zero-crossing points and the pulse signal 
outputs SI and S2 from the comparators 19 and 20 
fluctuate accordingly, once the leading edge of the 
pulse signal SI or S2 is detected, these noise 
pulses are ignored as a result of the masking 
signal. Accordingly, the pulse signals S11 and SI 2, 
having a correct period in which positive and nega- 
tive half cycles of the induced voltages respectively 
correspond to the high and low levels, can be 
obtained. Similarly, because noise spikes gener- 
ated at the stator coil switching points can be 
removed by masking immediately after the current 
switching, the detection at the crossing points 0* 
and 180* is not interfered with. Thus, switching 
timings can be accurately detenmlned by utilising 
the ^ove-described digital delay because the 0* 


and 180* positions can be accurately detected. 

As shown in Figure 1. the zero-crossing detec- 
tion pulse signals S11 and Si 2, from which any 
noise interference has been removed by the mask- 

6 ing circuit 8. are also fed to the microprocessor 7. 
The periods of the pulse signals S11 and SI 2 are 
detected therein so that the rotational speed of the 
motor can be determined. Control data formed by 
speed detection is then output on to the data bus 

10 28. shown in Figure 5. in order to determine the 
delay time T and the masking width t correspond- 
ing to each 45 ' Interval between 0 * and 45 * , 
between 90* and 135*, between 180* and 225*. 
and between 270* and 315*. As described above, 

75 because the pulse signals S11 and S12 having a 
correct period can be supplied through the mask- 
ing circuit 8. speed detection can be accurately 
obtained. Alternatively, speed detection may be 
performed by a frequency generator or a pulse 

20 generator attached to the motor. 

In the above-described embodiment, the 
present invention is applied to a two-phase bidirec- 
tional energisation type sensoriess brushless mo- 
tor. However, the present invention ftnds equal ap- 

25 plication to a polyphase unidirectional motor or a 
bidirectional energisation type sensoriess brushless 
motor. 


30 Claims 

1. A sensoriess brushless motor comprising: 
a rotor (21 ) having a magnet; 
an excitation coil (La. Lb); 

35 a switching circuit (1) for performing energisation 
switching of said excitation coil (La.Lb); 
a reference position detector (19.20) for detecting a 
reference position of rotor rotation based on a 
voltage (SI ,82) induced in said excitation coil 

40 (La. Lb) by said magnet; 

a delay circuit (5) for producing a delay clock 
signal (DCK) having clock pulses delayed by a 
predetermined amount (T) from the reference posi- 
tion detected by said reference position detector 

45 (19,20): 

a delay pulse signal forming circuit (3.4) for for- 
ming a delay pulse signal (Ha.Hb) based on the 
delay clock signal (DCK) from said relay circuit (5); 
a switching signal generator (2) for generating an 

50 energisation switching signal (PI to P8) based on 
the delay pulse signal (Ha.Hb) and supplying the 
switching signal to said switching circuit (1); and 
a control circuit (7) for detecting a rotational speed 
of said rotor (21) for controlling the amount (T) of 

55 delay in said delay circuit (5), and adjusting the 
energisation switching position to said excitation 
coil (La.Lb) In accordance with the rotational speed 
of said rotor (21). 
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2. A motor according to claim 1, wherein said 
switching circuit (1) comprises a plurality of transis- 
tors (11 to 18). 

3. A motor according to claim i or claim 2, 
wherein said reference position detector comprises 
a zero-crossing comparator (19.20). 

4. A motor according to claim l. claim 2 or 
claim 3, wherein said delay circuit (5) comprises a 
counter (26) with said delay clock signal produced 
at an output thereof. 

5. A motor according to any one of the preced- 
ing claims, wherein said delay pulse signal forming 
circuit comprises a flip-flop (3,4). 

6. A motor according to any one of the preced- 
ing claims, wherein said control circuit comprises a 
microprocessor (7). 

7. A motor according to any on© of the preced- 
ing claims, wherein said excitation coil (La,Lb) and 
said switching circuit (1) form a motor of the poly- 
phase unidirectional energisation type. 

8. A motor according to any one of claims 1 to 
6. wherein said excitation coil (La.Lb) and said 
switching circuit (1) form a motor of the polyphase 
bidirectional energisation type. 

9. A sensorless brushless motor comprising: 
a rotor (21); 

an excitation coil (La.Lb); 

a switching circuit (1) for performing energisation 
switching of the excitation coil (La, Lb): 
a reference position detector (19,20) for detecting a 
reference position of rotor rotation based on a 
voltage (S1.S2) induced In said excitation coil 
(La.Lb) by said rotor; 

a delay circuit (5) for producing a delay clock 
signal (DCK) having pulses delayed by a predeter- 
mined amount (T) from the reference position de- 
tected by said reference position detector (19,20); 
a delay pulse signal forming circuit (3.4) for pro- 
ducing a delay pulse signal (Ha.Hb) based on the 
delay clock signal (DCK) from said delay circuit (5); 
a switching signal generator (2) for generating an 
energisation switching signal (PI to P8) fed to said 
switching circuit (1) in response to the delay pulse 
signal (Ha.Hb); and 

a masking circuit (8) for forming a noise masking 
signal (SI 5) based on at least the delay clock 
signal (DCK) for suppressing noise pulses (N) in a 
detection output of said reference position detector 
(19,20) at the reference position. 

10. A motor according to claim 9, wherein said 
masking circuit (8) Is operable to form the noise 
masking signal with a predetermined masking 
width (t) based on the delay clock signal (DCK) and 
the detection output of the ref rence position de- 
tector (19.20) Immediately after the detection of the 
reference position and generation of the switching 
signal. 


11. A motor according to claim 10, comprising 
a control circuit (7) for varying the masking width 
(t) in accordance with the rotational speed of said 
motor. 

5 12. A motor according to claim 9, claim 10 or 

claim 11. comprising a masking gate circuit (Q11 to 
G22) for receiving a detected reference position 
from said reference position detector (19,20) and 
said noise masking signal (Si 5) and producing a 

70 pulse signal (S1 1. SI 2) from which the noise pulses 
(N) are removed and which is fed to said delay 
pulse signal forming circuit (3,4). 

13. A motor according to claim 12, comprising 
leading and traiilng edge detectors (B11, 621. 812. 

75 622) for producing edge pulses (Sd to S6) for 
feeding to said masking gate circuit (Gil to G22) 
based on the detected reference position from said 
reference position detector (19,20). 

14. A motor according to any one of claims 9 
20 to 13. comprising a control circuit (7) for detecting 

a rotational speed of said rotor (21) for controlling 
the delay amount (T) of said delay circuit (5). and 
adjusting an energisation switching position of said 
excitation coil (La.Lb) in accordance with the de- 
25 tected rotational speed of said rotor (21). 

15. A motor according to claim 14. wherein 
said control circuit comprises a microcomputer (7), 

16. A motor according to any one of claims 9 
to 15, wherein said switching circuit (1) comprises 

30 a plurality of transistors (11 to 18) connected in a . 
bridge network to said excitation coil (La.Lb). 

17. A motor according to any one of claims 9 
to 16, wherein said reference position detector 
comprises a zero-crossing comparator (19,20). 

36 18. A motor according to any one of claims 9 

to 17, wherein said delay circuit (5) comprises a 
delay counter (26) with said delay clock signal 
being produced at an output thereof. 

19. A motor according to any one of claims 9 
40 to 18. wherein said delay pulse signal forming 

circuit comprises a flip-flop (3,4). 

20. A motor according to any one of claims 9 
to 19, wherein said masking circuit (8) comprises a 
masking counter (29). 

45 


SO 


55 


7 


BNSDOCIO: <EP ^0316077A1J_> 


EP 0 316 077 A1 


FIG.I 


MICRO- 
PROCE- 
SSOR 



1 

DRIVE 
PULSE 
GEN 
LOGIC 




rPA . 

rPB , 


rP7 ; 

rP6 . 



SWITCH- 
ING 
CIR. 


SI- 


1 


DELAY 
MASKING 


,S2 


8 


F/G.2 



BNSDOCID: <EP ^0316077A1J_> 


i 


EP 0 316 077 A1 


FIG.3A 


21 



BNSDOCID: <EP ^0316077A1J_> 


EP 0 316 077 A1 


r 


FIGAA 


FIGAB 


FIG AC DCK- 


FIGAD 



uijLnjiJLrLru" 


FIGAE 



EP 0 316 077 A1 



BNSDOCID: <EP 0316077A1 J_> 


EP 0 316 077 A1 


FIG. 6 



BNSDOCID: <EP 03ie077A1J_> 


J 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Applicatioik Number 


EP 88 30 9732 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Cateeoiy 


Citation of docmneiit with iodicatioii, where appropriate, 
of relevant passages 


Relevant 
to daim 


CLASSIFICATION OF 1HE 
AFPUCATION Ont. CI. 4) 


EP-A-0 030 611 (BRAUN) 

* page 13, lines 6-17; figure 2 * 


EP-A-0 123 807 (IBM) 

* page 18, lines 23-31; figure 5 * 


US-A-4 136 308 (K.M. KING) 

* column 5, lines 28-30; figure 1 * 


1-3,6,7 

,9,16, 

17,19 

1-4,6,7 

.9,15- 

18 


H 02 P 6/02 


TECHNICAL FIELDS 
SEARCHED (fat. CL4) 


H 02 P 

H 02 P 


6/00 
8/00 


Hie present search rcpott has been itmm up for an claiois 


BERLIN 


Date of cnpleUaa of the 

31-01-1989 


LEOUFFRE M. 


CATEGORY OF OTED DOCUMENTS 

X : paiticolariy relevant if taken aloae 

Y : particoiariy relevant if combined witb anotber 

document of tbe same categoiy 
A : tecbDologica] background 
O : non-written disclosure 
P: 


T : tbeoiy or principle underlying the invention 
E : earlier patent document, but publisbed on, or 

after the fifing date 
D : document dted In tbe applkatlon 
L : document cited for other reasons 


& : member of tbe same patent family, corresponding 


BNSDOCID: <EP ^0316077A1 J_> 


f 


i EP 0 316 ttr? A1 


FIG I 


MICRO- 
SSOR 






DRIVE 
PULSE 
GEN 


LOGrc 


r P7 ^ 




/La 


SWITCW+ 
CIR. 


SI- 


1 


DELAY 
MASKING 


Lb 


S2 


8 


FIG,2 



8NSDOCID: <EP 0316077A1TI_> 


BPoateoTr'Ai 


FIG.3A 


21 



FIG.3B 



BNSEXXJID: <EP ^03160f77AlTI_> 


^ eposiecrrrAi 



EP 0 919 077 A1 


r 




CO 










a 






CO 



BNSDCXIID: -cEP ^0316077A1TI_> 


^ 0 »S 077 A1 


F/G6 



BNSDOCID: <EP ^03ie077AlTL> 


